Light and electron microscopic immunocytochemical observation of catechol estrogen localization in the posterior lobe of the rat pituitary gland was undertaken with a specific antibody to 2-hydroxyestrone coupled to bovine serum albumin and the peroxidase-antiperoxidase technique.
Light and electron microscopic immunocytochemical observation of catechol estrogen localization in the posterior lobe of the rat pituitary gland was undertaken with a specific antibody to 2-hydroxyestrone coupled to bovine serum albumin and the peroxidase-antiperoxidase technique.
Immunoreactive deposits were found in the pituicytes mainly in the peripheral part. The extended catechol estrogen-positive processes of the pituicytes enclosed or made contact with adjacent axon terminals and free extended catechol estrogen-positive processes were often found in the perivascular space. These results suggest that catechol estrogen may be involved in the regulation of neuroendocrine functions in the posterior lobe.
Catechol estrogen is the major product of biotransformation of estrogen in man and rats. The possible significance of catechol estrogens as potential mediators of estrogen action and a direct biochemical link between estrogen and catecholaminergic function has been considered (1, 4, 12, 17-20, 27, 28, 32) . Biochemical studies have shown that catechol estrogen is widely distributed in animal tissue including the pituitary gland (1, 3, 5, 9, 12, 17, 21, 28, 32, 33) . However, the physiological roles of catechol estrogen in the pituitary gland have not been determined, although they may be the links connecting primary estrogens and catechol amines in the regulation of gonadotropin and prolactin secretion (16, 30).
We have already reported that the localization of catechol estrogen is shown by immunocytochemical methods in paraffin-embedded tissue (23). So in the hope that the cellular localization of catechol estrogen might give further clues to its function, the present study examined the distribution of catechol estrogen in the posterior lobe of the rat.
MATERIALS AND METHODS
Immunocytochemical procedures for light microscope observation. Eight adult Wistar rats (9-12 weeks old) of both sexes were anesthetized with Nembutal and perfused through the heart with 100 ml of periodate-lysine-paraformaldehyde (PLP) (29). After perfusion the posterior lobes were rapidly removed and fixed for three hr in PLP at 4°C, dehydrated through a graded series of alcohol and embedded in paraffin.
Sections (5 ,czm) were cut, mounted on glass slides with egg albumin and glycerine and dried overnight at 37°C. For Immunocytochemical staining, paraffin sections were deparaffinized with xylene and brought to water through a graded series of alcohol. The sections were washed with distilled water and then treated with 0.005 M unbuffered periodic acid and 0.003 M unbuffered sodium borohydride to inhibit endogenous peroxidase (24) . They were subsequently incubated with a 1 : 50 dilution (in PBS) of normal goat serum for 30 min at room temperature.
Sections were incubated for 24 hr at 4°C in a 1 : 1000 dilution (in PBS) of either rabbit antiserum (for details see references 23, 45) to 2-hydroxyestrone-l7-(0carboxymethyl)-oxime bovine serum albumin (BSA) conjugate which was absorbed with BSA, or, as a control, in normal rabbit serum; then in a 1 : 50 dilution (in PBS) of goat anti-rabbit IgG (Cappel Laboratories) for 30 min; and finally in a 1 : 100 (in PBS) dilution of peroxidase-antiperoxidase complex (PAP) (Cappel Laboratories) (40) for 30 min at room temperature. All slides were washed for 15 min each in three changes of PBS between each step. Peroxidase reaction product was developed by incubation of sections for five min in 3,3'-diaminobenzidine (0.05%) in 0.05 M Tris buffer, pH 7.6, containing 0.01% H2O2. After a final wash in distilled water, the sections were dehydrated through a graded series of alcohol, cleared with xylene, and mounted in Canada Balsam.
Immunocytochemical procedures for electron microscope observation. Four adult Wistar rats (9-10 weeks old) of both sexes were anesthetized with Nembutal and perfused through the heart with 100 ml of 0.25% glutaraldehyde and 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, for 10 min. After perfusion, the posterior lobes were rapidly removed and fixation was continued for two days in a buffered picric acid-formaldehyde (PAF) solution (39) ; they were then rinsed overnight with PBS at 4°C. In an attempt to minimize ice crystal formation and associated artifacts, fixed blocks were treated by immersion in 20% glycerin in PBS for 15 min prior to freezing.
Frozen sections (20 ,um) of the posterior lobes were cut in a Sakura coldtome and collected in PBS and then stained by a procedure similar to that used for the light microscope observation. The peroxidase reaction was terminated by exposure of sections to 0.1 M cacodylate buffer, pH 7.4, at 4°C for overnight. Sections were postfixed for an hr at room temperature in 1 % 0sO4 in 0.1 M cacodylate buffer, dehydrated in a graded series alcohol and propylene oxide and embedded in Epon. Ultrathin sections were cut on a Sorvall microtome (MT 5000) and examined under a Hitachi H-800 electron microscope.
RESULTS
Immunocytochemical demonstration of catechol estrogen was achieved in the posterior lobe of the rats. The strong granular positive reaction products of catechol estrogen were scattered throughout the posterior lobes ( Fig. 1 ). Moreover, they were found in the peripheral position more than in the center of the posterior lobe. No specific staining was observed in the control section ( Fig. 2 ). Immunoelectron microscopy of the posterior lobe showed catechol estrogen-positive cells having the characteristic morphology, for instance, containing a few lipid droplets, of pituicytes ( Fig. 3) . The cytoplasm of the pituicytes had a few catechol estrogen reaction products with negative nuclei. The extended processes of catechol estrogen-positive pituicytes enclosed or made contact with adjacent axon terminals (Figs. 4, 5 ). However, Catechol estrogen-positive reaction products were diffusely present in the processes of pituicytes. The free extended processes of catechol estrogen-positive pituicytes were often found in the perivascular space (Fig. 6 ). The close association of an extension of processes of catechol estrogen-positive pituicytes to the blood vessels was seen (Fig. 6 ).
DISCUSSION
The immunocytochemical evidence presented in this paper shows that pituicytes contain catechol estrogen-positive reaction products. These results are in agreement with those of several studies (l, 3, 13, 14, 21, 28, [33] [34] [35] in which the activity of catechol estrogen or estrogen-2-hydroxylase, the biosynthetic enzyme of catechol estrogen, was detected biochemically in the pituitary gland. The Catechol estrogenpositive pituicytes in the present study correspond to the protoplasmic pituicytes classified by Kurosumi (26) . Protoplasmic pituicytes are large in both the cell body and nucleus, which is very clear with sparse nucleoplasm consisting of evenly distributed chromatin, and always contain many or few lipid droplets. The primary function of the protoplasmic pituicytes is presumed to be the pinocytosis of the liquefied lipoprotein from the limiting membranes of neurosecretory granules (26). In addition, pinocytosis of pituicytes has been reported by several authors (25, 41, 42) . However, Tweedle and Hatton (43) have reported evidence for dynamic interactions between pituicytes and neurosecretory axons in the rat. They showed that, in the posterior lobes in the state of water repletion, pituicytes contain neurosecretory axons completely enclosed by their cytoplasm, but in water deprivation, the number of these axons per unit area of cytoplasm is decreased. Therefore they suggest that the pituicytes may play a role in the control of hormone release from the posterior lobe.
Although the direct effects of the catechol estrogen on hormone secretion from the posterior lobe are not yet known, two possible functions of catechol estrogen in the pituicytes can be suggested. (1) Catechol estrogen-receptor interactions. Catechol estrogen has a reduced affinity for estrogen receptors in the pituitary gland (11, 31). Estrogen receptor-binding activity of the catechol estrogen is abolished by methylation of the catechol structure (27). This methylation is catalyzed by catechol-0-methyltransferase (COMT) (1, 4) . COMT has also been detected by immunocytochemical methods in the protoplasmic pituicytes (unpublished observation). On the other hand, Robinson (36) found that two neurophysins are present in the human posterior lobe, and one of them is specifically secreted in response to estrogen administration, i.e., estrogen-stimulated neurophysin. In addition, Robinson et al, (37) proposed that estrogen-stimulated neurophysin is probably related to oxytocin, since the plasma concentration of estrogen-stimulated neurophysin is increased in pregnancy or after the administration of estrogen. Furthermore, van Leewen et al. (44) showed that clusters of oxytocin fibers are present mainly in the peripheral part of the posterior lobe. This finding corresponds to our results with catechol estrogen. These results suggest that catechol estrogen in the pituicytes might be capable of reaching the receptors in a sufficiently high concentration to produce local effects. (2) Catechol estrogen-monoaminergic neuron interactions. Monoamine fibers have been detected by histochemical methods in the posterior lobes of several animals (7, 15 ). Baumgarten et al. (6) found that the dopaminergic terminals of the posterior lobe are frequently in close contact with neurosecretory axons and pituicytes processes. Biochemical evidence has also been presented for the presence of dopamine and norepinephrine in the posteriorintermediate lobe of several mammalian species (8, 38) . However, the direct influence of catecholamine on the secretion of peptides like oxytocin and vasopression from the posterior lobe remains to be elucidated. On the other hand, the interaction of catechol estrogens with catecholamine at the COMT level has been shown. Ball et al. (2) reported that catechol estrogen has a higher affinity for COMT than catecholamine. Therefore, catechol estrogen is a good inhibitor for COMT and would prolong the tissue response of catecholamines (18). Catechol estrogen has also been shown to inhibit purified rat adrenal tyrosine hydroxylase (19) However, COMT is a cytoplasmic enzyme (22) and is thought to function mainly extraneuronally. Thus interaction of catechol estrogens with catecholamine at the COMT level in the pituicytes is unlikely, since no evidence of uptake of catecholamine in the pituicytes has been reported (10). 
